Introduction
Histologically, lung cancer can be broadly classified into non-small-cell lung cancer (NSCLC) and small cell lung cancer (SCLC). In NSCLC, the TNM staging established by the American Joint Committee on Cancer Staging and the Union for International Cancer Control is used to select treatment options such as surgery, radiotherapy, and systemic chemotherapy. 1, 2 Conversely, SCLC is typically categorized according to disease extent as limited disease (LD), which defines tumors that are limited to the ipsilateral hemithorax and regional lymph nodes and can be encompassed within a tolerable radiation field, and extensive disease (ED), which defines tumors outside these confines. 3 SCLC accounts for around 15% of all lung cancer cases and is an aggressive disease characterized by widely disseminated metastases and a poor prognosis. [4] [5] [6] Unlike other lung cancer types, SCLC is highly responsive to radiotherapy and chemotherapeutic drugs with survival benefit. 3, [7] [8] [9] [10] [11] Regardless of their high sensitivity for initial therapy, the median survival of SCLC patients has improved little in recent decades and remains at around 17 months for LD-SCLC and 8-13 months for ED-SCLC.
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The results of several recent studies investigating the efficacy of combined-modality therapies, such as prophylactic cranial irradiation and thoracic radiotherapy in ED-SCLC patients, remain controversial. [16] [17] [18] Therefore, it is necessary to develop strategies and new anticancer drugs in patients with this aggressive disease.
In 2015, the International Association for the Study of Lung Cancer (IASLC) proposed the 8th edition of the TNM classification for lung cancer based on a new database composed of 94,708 cases diagnosed in 16 countries around the globe between 1999 and 2010. 2 One of the most significant differences in the new criteria was the change in the M descriptors from three (M0, M1a, and M1b) to four (M0, M1a, M1b, and M1c). 19 The concept of oligometastasis includes patients with metastases limited in number and organ site. In the case of some solid tumors, patients with oligometastasis can survive for a longer period than those with polymetastases. 20 Such concepts are related to segmentation of TNM classification. Although the 8th TNM classification has been demonstrated to show a strong correlation with the management of NSCLC patients, insufficient data exist to support its use for the treatment of SCLC patients. Only a few studies have suggested that the TNM classification is correlated with SCLC prognosis, 21, 22 and the specific association between the M descriptors and prognosis in SCLC patients remains unclear.
In the current study, we evaluated the utility of the 8th TNM staging system for SCLC patients and determined whether the prognosis of SCLC was associated with the M descriptors based on the 8th TNM classification.
Materials and methods

Study patients and collection of clinical data
This retrospective study enrolled 277 consecutive patients who were pathologically diagnosed with SCLC and treated at the Kitasato University Hospital in Kanagawa, Japan, between January 2008 and December 2016. Results of computed tomography (CT), positron emission tomography (PET)-CT, bone scintigraphy, and brain magnetic resonance imaging (MRI) were reviewed to classify the patients using the 8th TNM classification as well as the classical two-stage system of LD and ED. LD-SCLC was defined as a tumor disease that was limited to the ipsilateral hemithorax and regional lymph nodes and could be encompassed in a safe radiotherapy field, and ED-SCLC was defined as a tumor with distant metastases beyond one radiation field. SCLC patients were classified according to the 8th TNM classification. Furthermore, survival times were analyzed for ED-SCLC patients in M0 (no distant metastasis), M1a (pleural or pericardial effusion without definite distant metastasis), M1b (a single metastatic lesion in a single organ), and M1c (multiple metastatic lesions in multiple organs or in a single organ) stages. For each patient, the following data were extracted in addition to staging: age at diagnosis; sex; smoking status; the Eastern Cooperative Oncology Group (ECOG) performance status (PS); and laboratory data including levels of albumin, lactate dehydrogenase (LDH), sodium, neuronspecific enolase (NSE), and pro-gastrin-releasing peptide (pro-GRP) obtained before treatment.
Evaluation of response and survival
Tumor response was classified in accordance with the Response Evaluation Criteria for Solid Tumors (version 1.1) based on the results of a complete medical history, physical examination, chest X-ray, CT of the chest and abdomen, and other procedures such as MRI of the brain, PET-CT, and bone scintigraphy. Progression-free survival (PFS) was defined as the time from the diagnosis of SCLC to the date of disease progression or the date of censoring at the final follow-up examination, and overall survival (OS) was defined as the time from the day of diagnosis to the date of death or the date of last contact (data cutoff: October 31, 2017).
statistical analyses
All survival analyses were performed using the Kaplan-Meier method. Survival rates between subgroups based on prognostic factors were compared using the log-rank test. To identify prognostic factors, the Cox proportional hazards model was used for univariate and multivariate analyses. A two-tailed P-value of less than 0.05 was considered to indicate a statistically significant difference for all analyses. The multivariate analysis was performed with adjustment for covariates, including significant clinical factors based on univariate analyses. All analyses were performed using the SPSS software program, version 25.0 (IBM Corporation, Armonk, NY, USA).
This study was conducted in accordance with the Declaration of Helsinki, and only de-identified patient data were used. The retrospective study was approved by the Kitasato University Medical Ethics Organization (B17-253), which waived the requirement for patients' informed consent owing to the nature of the study.
Results
Patient characteristics
There were 315 patients with histologically proven SCLC during the study period. After the exclusion of 38 patients 
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Prognostic significance of the 8th TNM classification for SCLC who received only best supportive care, the remaining 277 patients with SCLC, comprising 91 (34.3%) LD-SCLC and 186 (65.7%) ED-SCLC patients (Figure 1 ), were included in the final analyses. Characteristics of the study patients are shown in Table 1 . The median age was 70 (range 33-91) years, 228 (82.3%) patients were male, and only seven (2.5%) patients were non-smokers (Table 1) . A total of 49 (17.8%) patients had concomitant interstitial pneumonia. All 277 patients received CT scans of the chest and abdomen, whereas 208 (75.1%), 47 (17.0%), and 259 (93.5%) patients received PET-CT, bone scintigraphy, and MRI or CT scan of the brain, respectively, as part of the initial staging evaluation.
The 8th TNM staging for SCLC patients
According to the IASLC staging system, 11 (12.1%), 13 (14.3%), and 67 (73.6%) of the 91 LD-SCLC patients were categorized into stages I, II, and III, respectively. Among the 186 ED-SCLC patients, ten (5.4%), 70 (37.6%), and 106 (57.0%) were classified into stages III (M0), IVA (M1a and M1b), and IVB (M1c), respectively ( Figure 1 and Table 1 ).
Treatment in sClC patients
All patients underwent chemotherapy with or without radiotherapy, and six LD-SCLC patients (five with stage I and one with stage II) underwent surgery followed by adjuvant chemotherapy. A total of 45 (16.2%) patients received chemoradiotherapy (CRT), including 40 and five patients who received concurrent and sequential CRT, respectively. Prophylactic cranial irradiation was administered in 14 (5.1%) patients following response to initial treatment, and 49 (17.7%) and 24 (8.7%) patients received palliative radiotherapy for brain and thoracic diseases, respectively. The most commonly used first-line chemotherapy regimens were carboplatin (CBDCA)-based doublet therapy in 89 (32.2%) patients and amrubicin monotherapy in 80 (29.0%) patients. The median number of regimens was 1 (range 1-3) in stage I, 1 (range 1-4) in stage II, 2 (range 1-5) in stage III, and 2 (range 1-8) in stage IV. Treatment details are presented in Table 2 .
Treatment outcomes in sClC patients
The OS times of the LD-and ED-SCLC patient groups were 37.2 (95% CI 25.7-48.7) and 13.7 (95% CI 11.9-15.5) months, respectively (Figure 2A ). Among the entire study cohort, the OS of the stage I patients was superior to that of the stage II (P=0.04) and stage III (P=0.02) patients, and the OS of the stage III patients was not inferior to that of the stage II patients (P=0.47). The OS of the stage IV patients was significantly worse than that of the patients with stage I (P<0.001), II (P=0.009), or III (P<0.001) disease. The OS times of the patients with stage III and stage IV SCLC were 28.1 (95% CI 21.1-35.1) and 10.7 (95% CI 9.0-12.4) months, respectively ( Figure 2B ).
Among the ED-SCLC patients, the OS of the stage IVB patients with the M1c descriptor based on the 8th TNM classification was inferior to that of the stage III and IVA patients with the M0, M1a, or M1b descriptors (Figure 3) Figure S1 ). In this study, three patients were treated with a cyber-knife treatment and one underwent brain tumor excision before chemotherapy, and all patients received whole-brain radiation therapy during the treatment. (Table 3) .
Survival analyses with consideration of clinical characteristics
Discussion
This retrospective study evaluating the revised M descriptors of the 8th TNM classification in SCLC patients found that the 8th TNM classification could provide prognostic information on SCLC, especially in patients with ED-SCLC who received chemotherapy. PET is a potentially useful modality for the accurate initial staging of SCLC. We demonstrated that the prognosis of ED-SCLC patients with stage M1b was significantly better than that of those with stage M1c ED-SCLC. In addition, the OS of the stage M1b patients was not inferior to that of the stage M1a patients. Regarding the M descriptors included in the latest IASLC report, the prognosis of NSCLC patients in stage M1c was significantly worse than that of those in stage M1b. 2 Conversely, other studies found that the prognosis was not different between patients with stage M1b SCLC and those with stage M1c SCLC. 21 Appropriate imaging-based diagnosis is essential during staging of lung cancer. PET can ensure that a patient's disease is not overstaged by CT. 23 In a previous study on SCLC patients, 21 PET was performed in 23% of patients, whereas bone scintigraphy was performed in 41% of the patients during initial evaluation for staging. One potential explanation for our finding that the prognosis of stage M1b SCLC was different from that of stage M1c is the markedly different utilization rates of upper chest or abdominal CT (100%), brain MRI/CT (94%), PET-CT (70%), and bone scintigraphy (20%). As novel diagnostic modalities such as CT, MRI, and PET-CT have been increasingly adopted into clinical practice, the sensitivity of detecting small lesions has improved in parallel. 24 In the current study, the initial comprehensive staging according to the 8th TNM classification 
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Prognostic significance of the 8th TNM classification for SCLC including PET-CT and brain MRI/CT had enough power to accurately discriminate between the subgroups of ED-SCLC patients treated with chemotherapy. The number of organ metastatic sites involved was reported to be associated with prognosis in ED-SCLC patients. 25, 26 The 8th TNM classif ication reflects the prognostic impact of the number and locations of distant metastases based on detailed information. In NSCLC, the M descriptors of the latest IASLC report, in which patients with stage M1c disease have been separated from the former category of stage M1b, were associated with a significantly worse prognosis than the currently used category of stage M1b. In the current report, the prognosis of patients with stage M1b ED-SCLC was significantly better than that of those with stage M1c ED-SCLC. The concept of oligometastases, defining a small number of metastases limited to an organ, describes an intermediate state of cancer spread between localized disease and widespread metastases 20, 27 and may be treated by local therapy such as surgery or radiotherapy. [28] [29] [30] Among SCLC patients, metastatic involvement of the central nervous system, bone marrow, or liver is an unfavorable prognostic factor compared with that of other sites, although these variables are confounded by the number of sites that are involved. 25, 26 Among the patients with stage M1b ED-SCLC in the current study, there was a difference in the outcome between the brain as the only metastatic site and other organs as the metastatic site (brain [28] [29] [30] However, a consensus has not been reached regarding localized therapy for ED-SCLC patients with oligometastases. Even patients with stage M1b ED-SCLC are suggested to be considered as an optimal population for combined-modality therapeutic approaches such as local radiotherapy in combination with systemic chemotherapy.
The current study has certain limitations. First, this was a retrospective study conducted at a single institution; hence, the results cannot be considered definitive. Second, the present study suggested prognostic differences between stage M1b and M1c patients with ED-SCLC but could not confirm the utility of local therapy combined with systemic chemotherapy. The outcome for patients with stage M1b ED-SCLC may be a result of the selection criteria of the patients with SCLC and the low statistical power due to the small sample size. Whether this finding should translate into a more aggressive treatment approach for M1b disease requires further study. Third, although the ethnic differences in the sex and smoking patterns between Japanese and non-Japanese patients is uncertain, it is difficult to completely remove the bias. Finally, the patients received different chemotherapeutic regimens based on distinct patient characteristics. There is heterogeneity in the treatment regimens administered based on different patient characteristics; however, we believe that this is not a potential selection bias because all patients were included in the study. The results of the current study should not be regarded as a cause for change in treatment in clinical practice until further evaluation has been conducted by clinical trials.
Conclusion
This retrospective study including 277 subjects demonstrated the prognostic value of the 8th TNM staging system in SCLC patients treated with systemic chemotherapy. In addition to patients diagnosed with NSCLC, those with SCLC currently categorized as ED should be categorized into subgroups based on the 8th TNM classification. Appropriate patient selection based on the 8th TNM staging system should be taken into consideration for the development of optimal treatment strategies.
